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RESULTS OF SOME EMPIRIC RESEARCHES AS TO THE GENERAL MOVEMENTS OF THE ATMOSPHERE. 
By H. RILDEBRAND HII.DEBRANDRSON. 

[Translated by W. W. Reed, Weather Burwu, Atlanta, 03.. Jsnunrp. 19lO.J 

INTRODUCTION. 

11 Repler would not have heen possible if a T ~ c h o  
Bra.he had not preceded him. The same tliiiig is true in 
meteorology. Before i t  mny he possiihle to study swi- 
.ously the wuses of the general moyment.s ot the ritmos- 
phere it is necessary first a.nd indepeii(lcnt1y of .all 
preconceived t,heory t.0 seck t.o determine wit.h r em~on  

det.ermine by direct. observat,ions what. these m?renicnts 
are and what is their nature. From t,he hegiiiniiiz of 

what. ac.t4unlly takes place in the ntmospliere, t r 1n.t is t.o 

in the middle of the past, centmy 
our genernt.ion has heen to con- 
on one o1:IjectiT-e: tbe nsseml)liiig 

of m a t e d  siificient.!g good and of siiitn.?)le range, t.he 
esercising of our patience in elahorat,ing tbese elements 
in the most. diverse directions for t . 1 ~  p ~ ~ r p s e  of fncili- 
tR t.ing coniprehensive viem and the showing of chiwar- 
teristic features. 
We shall endeavor to  prcsen t here t . 1 ~  principd resiilts 

reliltire to the genernl movements of the atmosphe1.e 
a tkninecl by enipiric:tl researches. 

All t,he representntions of the general movenients of 
the atmosphere 1iillicrLo pulzlisherl arc? the results of 
theoret.icn1 ccmsiderations more or less ill fountled. For 
a long while we have known rather  el! the mean rlirect.ion 
of the wind a t  a large number of sta.tions in almost nll of 
t.hc countries of t,he woIld iind dso ,  t.hnnks to the co- 
o era.tion of all of the mniinem nncl to the clnssic works 
o F Maury, of Brnult,, of IiGppen, and of other sdiolars, 
our knowledge of the r6ginie of the winds orer the sens 
hns been for a. long while very mnch c1et.ailed. Hut the 
m0rement.s of the 11 per layers of the ntmos liere were 

trades which had been enconntered on t,he summits of 
the isla.nds, like Teneriffe in the At.1nnt.k and Mnuna J.,on 
in t.he Pacific. This phenomenon wns considered a 
proof of the law announced hg Hailley in 1686: The 
temperr~tur e of the air, which clepends on the cnlorific 
influelice of tlie sun, decrenses from the Equator to the 
poles, now tliere must esist. constant.1 a n  iipper wjnd, or 
equatorial current., hlowing from t P le Eqiiator to the 
poles, and ti lower wind, or polar current, hlowing from 
t,he poles t,o the Equator. 

In addi ion there was considered the principle shted 
by Hndley in 1735: Wliatever mnp he the c1irect.ion 
tnken by a n  atmospheric ciirrent the terrestrial rotnt.ion 
cleviates t.his current to the right. in the Xort,licrn Hemi- 
sphere, to the left, in t,he Southern. 

This pi inciple of Hadley's has heen proven hv mathe- 
matical theory and has been verified hy the well lrnown 
ex erimen!s of Foucault nnd others. 

$lie principle of IInlley's ha.s also been adniit,ted by 
tlie greater number of meteorologists. Dove did not 
adopt it. He t.hought that the countertrade descended 
a t  t.he tropics to the surface of the earth, and tdie 
winds from sout.hwest. or mvest. prerailing over the sew 
of the north temperate zone and the corresponding 
winds from the northwest or west in the Southern 
Hemisphere were considered by him as extensions of die 
descended count,ertrades, tlie equatorial currents as ad- 
vnncmg townrd the poles while t,he polar currents move 
in opposite direction, from polar regions to t,ropicol ones. 

alniost unknown unt.1 .p recently. We knew of t. f ie counter- 

Thece ideas of Dove's are abandoned, but  lately better 
founclrd doubts as to Halley's principle have arken. 
The important discovery by Teiseerenc de Bort that 
the atmosphere consists of two strata: The tro oFphere 

8-10,000 meters and the stratosphere lying above makes 
a vertical circulation SO simple but little probable. In 
rea.lity all of the troposphere (lomists of cyclonic and 
nnticqclonic circulations with their ascending and de- 
srenJing cmrents, ant1 conse.yuently two superposed 
currents moving inoppo?ite directions can not exist there. 
In tho stratosphere vertical currents do not exid, and 
the horizontal currenb have not been studied. It is true 
that above tlie equatorial zoiic the tropmphere ri:m to 
very grent heights, so that there the stratok here is 
found only at  heiglits much greater than in Europe; 
m d  also that over the Atlantic north of the equator 
and, b M. BeEon, over Lake Victoria Nyanza cirri- 
form c oiitls have heen observed movin from the south- 
west at  great heights. But even if t iere were in the 
struto: phere a general movement from the southwest 
toward the pole, which would lead to a descending c,ur- 
rent in the neigliborliood of tlie ole, that would hardly 

hetween the equator and tlie pole. It must be noted 
that at the lower limit of the stratosphere over Euro e 

of 9,600 meteis-mid at  tlie height at which the strato- 
here is found over the equatorial zone the pressure of 

:{e air +imini?hes to 50 mm. (at 17,400 meters), and it 
is at  this height that this supposed equatorial current 
woulcl begin in tlie stratoqhere. But at, this place the 
mass of the air set in motion is very small in comparison 
with tlie total mass of the atmo phere. Now then, n. 
general circulntion of the atmo: phere according to  

rinciple can not be cpoken-of. 
Halley's Recent P y another very serious objection to this 
vi le has been raked by Sir Napier Sliaw and otien.  
TKey point out that the thickness of tlie atmosphere is 
infinitely small relative to the size of the earth. In 
fact i t  i s  relatively of the same thickness as tlie paper 
which covers terrwtrial globe of ordinary size. A 
regular, double circulation in a layer so thin seems im- 
po:iFible. It is a wonder if it  exists between the Equator 
and the Tropics. 

I. 

estending from the surftice of the earth to the P ieiglit of 

f P 

indicate R vertical circulation o P the entire atnioaphere 

the pressure of the air is slight-200 mm. at  tlie heig R t 

P"" 

T H E  GREAT CURRENTS OF T H E  ATMOSPHERE INDICATED BY 
THE NOYEIENT OF CYCLOXES A N D  ANTICYCLONES. 

dangerous cyclones are the 

7' Red- and ot!fier scholam anc also the 
movin in a trajecto 

have all obcerved that the 
different on the two side: of 

the disk whirling in its march. The right side is called 
the dangerous semicirrle and the left side the more 
easily navigated semicircle. This has been esplained 
by assuming that the cyclone is a whirl carried by a 
great current of air. I n  that caFe lit is evident %hat in 
the northern hemisphere the motion of the rotation and 
that of the translation are in the same direction in the 
right semicircle and opposed in the left semicircle. 
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I n  both hemispheres the cyclones more from east to 
west within the Tropics, deviate to the right in the 
Northern Hemisphere and to the left in blie Southern 
according to Hndlep's principle, aiid on entering int.0 
the temperate zone t,liep move coiisequently successively 
toward n0rt.h. n0rt.h-nort.heast, northenst, and east t.tr 
the iiort,h of the equa.tor and t.ow-n.rd sout.h, sout,h-aou t.h- 
east, southeast, nnd enst to the sout,h of it. The 
tra'ectory is nearly pttrabijlic with t.he wrt,es at lnt , i tde 

s here and at  1a.titude 15°-8000ver t,lie Pucitic Ocenn. 111 
t E e tempernte zones t,he cyclones, or bn.rnniet.ric inininin, 
are less reguhr and t.heir march more niriable, but 
generally toward a poiiit bet.\$-een northeast and sout,li- 
east. Clement Ley (18'76) WRR t.lit! first, to st.udy in more 
complete detail the mo.rch of t.hese minima.. ( I  1 He 
found t,hat genernlly tho ceut,er niows n e d j -  ilt right, 
angles to tlie direction in a-hich the isoham are niost. 
coni act. If the steepest gradient is fountl to the enst,, 
sout R east, or sout.li of t.he cent.er tlieii the deprt&oii 
mores most frequently towtircl nort.h. northenst, or tinst, 
etc. However, if the steepest grticlients fire found to 
northwest, nort.h, or northeast, of the renter, ito most 
frequently remains niot.ionleas or mows (ordina.rily 
slowly) in any direction ; although a nicit-ement toward 
t,he west, which should then he found, is in reality wry 
rare. 

This fact inspired in C'lenient Ley this idea. "more 
simple t.hnn correct perhps," sn.ys he, that the direction 
of the cent,er is the rcsult.aiit of two independent forces; 
one, t,he force of the gra.dient,, which ilirect,s the cei:ter at 
right angle to t,he direct.ion in which tlie isolmrs nre most 
compact; another, " n force unknown ilntl t~.lit.t,le st.rcmger " 
bhan t,he first., which cnrries it toward northeast or euet. 

I n  st,udying more in det,a il the iiortlier~i port.ions of 
the minima (2) I httw ascert,;Liired t.lint tlis de wessi~ns 

north of the center. But if on the other hnnd the 
depression pnsses to t.he s0ut.h of a mtniniuni. t.he whirl 
has a more consiclerztble height uiid is closed ct-en 1i.t t.hc 
north of the cent.er. 

This is ec sily explained by assuming t.hnto the depres- 
sions are vi-hirls in a current of nir moving from west. t.o 
east,. In t.hat CRW it  is necessary t.1ia.t they lime wit.11 
the tropical cyclones a claiigerous semicircle 011 t,he 
ri lit and a safer semicircle on the left.. 
sf the current from west to  east,---" t.he unknuwii 

force" of Clement Ley-is tt little st,ronger tlinn t,he 
velocity of rotation nort,li of the center, the movement 
of the air relatiye to the sui.face of the enrtli xil! be 
from west to east. But the velocity of rotntion de ?ends 

great,er if t.here is a masimum toward the north, mid in 
that case the chance is renter t.hat t,he veloc,ity of rota- 

but then the whirl is closed to tlie north of the center. 
The pa.ths'of the niinims are niore irregular in the 
Nort.hern Heniis liere bec.t:.use of t.he irregular clistrih- 
tion of land a.n a sea surfaces, 011 t.he other hand in t,he 
southern hemisphere "the brmc west winds" of the 
sailors caused by winds from t.he west t1.t t,he south of 
t:ropical maxima and those at  the north of the minima 
of the t.empera.te zone hare estrnordinary constanc.y. 

The director of the ohserrstcrj- at, Sydney, 11. ( '  
Russell, was tlie first to study the march of ant.icycloiics 
over the Indian Ocean (3) and Australia. IIe found thnt 
the permanent a.nticyclones indicated on t,he charts 
showing Inean isobars of t,he Tropics are caused by u 
series of ant.icyclones which pass continually from west 

20 d '  -30°, according to t.he se-nson, in t.lie Nortliern Ilemi- 

having low pressure t.o t,lie north nre not. close( r (nhove! 

on barometric gradient, and that inust general I y be 

tion will esceed t1ia.t o f the current from west to east, 

to eask at, almost the same latitudes (the Tropic of Capri- 
corn), in t,he snnie way blint the low pressure south of 
Iceland in winber is due to a continuous series of dcpres- 
sioiis which traverse this part of the North Atlantic 
(-)roan. 

The j)at.hs are fountl at. 3'T0-3So south latitude in sum- 
mer, n t  29'- -33' lnt,it.ucle in winter. 

These st.utlies li~ive heen con t.inuetl by Wil1ia.m Lockyer 
in his int.rrest,ing treatise on the circulation of the winds 
of t.lie Sout~hern Hcniisphrre (4'!. In conipa.ring the 
Bnroniet,ric curves at! t>wo stations situated at  almost the 
snhie lnt.it;ucle, lrut8 t i t  a tlistmce of several degrees of 
Iongitutlt~, he w i s  a . lh  to determine the time in which 
the niasimum hntl pssed from one station to tjhe other. 
From ti great. iiuniher of suoh niea.suremt.iitn lie found 

that. the inenn vrlocity iter thy is: 
-4tude. 

Over soiitiierri A f r i w . .  - -. - -. . . - . . . . - - . . . . . - - . - -. - - . - - - . - . . . 13' 
Over Auetrnlie . - .._. . . . -. . . . . . . . . . -. . . . -. - -. . - - -. . . - - - -. . . . . . 11.5' 
Over Soiith A n w r i ! ~ ~ . ~ .  . . . -. -. -. -. -. . . . . - -. . -. . . . - - -. -. -. -. . - - 11. lo 
(.)ver the continents __.. ..._. . . - - .  . .__. _ _ _  .__ __. .__ - _. - .__. . . 11.5' 

Over tlia oc.caiis the wlo1:it.y per clay is 9 . F  of longitude 

An ~~inlogcius rescxrirch relative to the inininin of baro- 
metric \VHWS iii tlie aiitrtl.ct,ic regions has given for the 
nienn velacity of cpcloncs nenrly the sHme d u e ,  9 O - - 1 O 0  

Now in the Snut,liern I-Ieniispliere there m e  two whirl 
zonc~sl an ticyclonic wound t,he Tropic and cyclonic south 
of lnt,itutle GO". This is in perfect qreement with the 
cliarts of m*nn wintls for the Southciii Hemisphere. In 
fwt r?  all nrcluntl t,he euitli Letween 40° and 55O south 
1iit.itutle tLere I;revuil t.hc '' brave west! winds," the most. 
coiist.an t winds that exist. They result from constant 
grmlients Iret,\veen t.he ni:isimn. at  the norbh and the 
ant.nrct.ir: miniilia. 1 he rCgime of the winds is much 
~ i i r i r ~  siniplr owr t,lie Southern Hemiq here, a.lmost 
entire11 cciwrrd by the oceans, than over the Northern 
I-lcniis~. here, wlic~c thr continnit.s (:aiise great. per- 

Iiigurr 1 (on plate facing p. 391) shows the circwlation in 
the Southern hemisphere according to William Lockyer. 

Hmce tbe study of the pitths of cyclones and of baro- 
niet,ric niiiiinia has proven that there is u constant cur- 
relit from tmt t.o west within the Tropics uncl currents 
in t,he contrury direction, from wwtn to east, over the 
tempern t.e zoncs. 

11. 

for t ~ l l  occtlys south d the EqurLtor. 

Of lonaitr1.lde IJl'r t1n.F. 

t,Url Jil.tlCi 11s. 

T H E  GREAT CURRENTS OF THE A l a  A 8  INDICATED BY THE 
MEAN DIRECTIONS OF THE OLOUDG. 

In order to study t,he mean directions of the currents 
of  t.he air at tiifferent dtitudes above the ground the 
observations of trhe movements of the diflerent forms of 
clouds hare heen esaminecl. Observations were begun 
bv myself in Sweden in 1873 and somevr-hat later by 
Clenicnt Ley in England. Gradually such observations 
were begun in several countries. But at  the beginning 
t.he observations were t,oo infrequent, oftentimes their 
value was questionable and-what was worse-the classi- 
ficnt.ion of clouds was different in different countries. 
Besides it could not be ttfirniecl a priori that the mean 
tlirec.tion of a certain form of cloud observed was that of 
thc prevailing wind at  the sttnie height. In fact in order 
that the direction of the upper currents niight be deter- 
niiiiecl it WRS first iiecesstti that t.he clouds should float 

it was necessary that these clouds be not hidden by lower 
t,here, since without this t I e currents are invisible; then 
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clouds. Now it  is evident that these condit,ions are not 
always satmisfied. 

Dmpit.e these hindmnces we treated this quest,ioii &i a 
prelimm nry manner . 

Jn 1855 (5) me discussed a.s rega.rds Europe the obser- 
.vations of the niovements of the upper clouds made a t  
a large number of st,ntions, mil in lsS9 (6) we esbcndecl 
theseresearches RY far a~ possible over all the surface of 
the earth. From these well harmonizing resu1t.s 1' drew 
the following conclusions : 

1. In the upper regions nl)ove the temp-ate zones 
there prevail cw-rents whose direction is ui the mean 
from west. to east: 

2. Within the Tropics their direction is the* opl)ouitt~. 
or from east to west: 

3. '&e direction of the upper current-s seems t,o coin- 
cide almost with the mew pi th  of the centsrs of ~ W O -  
metric depressions. 

In February, 1SF7, R. Ahercromhy tmcl myschlf pro- 
sented two papers before t,he R o p l  &teorological Soci- 
ety in London, in which we proposed a new clnssificat.ioii 
of clouds. The Meteorolopicnl Conforonce a t  Munivh in 
1891 recommended this cdassificntion as internationnl, 
and named a commission on clouds, of which I hncl t,liP 
honor to be president, to t , a k  the nicasures necessary for 
the publication of an Intcrnationd Cloud Atlas, in colors 
and of moderate size and cost (7). 

,4t the same time the Conference proposed that mens- 
urements of the moremcnts arid of the hei@its of clouds 
be undertakcn for R year a t  different stat,ions, distrih- 
utcd over the entire earth, and I was askctl to prepare bhr 
instructions for these observations. 

All this pre arat.ion havins been inaclc!, t,he permtinelit 
met,eorologica P conunit.tee nnd the commission on clouds 
met at Upsals in August., lS!-M. There l i d  been pre- 
pared for this nieeting a display containing more t,hnli 
300 reproductinns of clouds-m phot,ogrn hs and in, 

chosen the forms to be reproducrd in t,he Tiiternatrionnl 
Atlas, the commission charged .mother commission wit.11 

colors-from different part.s of t . h  eart.h. 1 fter having 

w. 12. N. 
W. 50' R. w. 34' 8. 
W. 13' N. 
W . W N .  
W.37 8. 

w.22. 8. w. 40 8. 
W. 2* 8. 
E. i W S t  
W.10. 8. 

w.m. 8. 

- 
the 6iblication. 

bach. and LBon 1 iesserenc. de Bort. 
This was comffpsed of H. Hildebrandsson, -4. fiiggen- 

In addition the com- 
lnissibii determined the description and the definitions of 
t.lie different forms of cloucls, as well tw the instructirm 
for the obserwrs. A11 of the roposals were acceptcd by 
the permanent coInmitt,ee, wlich invited all the nietco- 
rologicnl institutions of the world to prosecnte obaervtt- 
tions and measurements of clouds from May 1, 1896, to 
Ma 1, 1897, according to the insteructions adopted. 2 s  in several countries many stations had not been dik 
to begin the observations on the date fixed at  Upsalu, tl!e 
Conference assemblccl at  Paris in 1S96 resolved t,liiLt It. 
would be desirable that the direct observatioiis of clouds 
be continued a t  such stations until the close of 1 ~ 9 7 .  

A large numher of countries took part in this greet 
enterprise, and the results were published everybvhere ui 
the form pro osed by the co~iim~ssion on clouds. 

vations in a report to t e Internat,ional hleteorologicd 
Committee. The most interesting art of t.liis report is 
that on the general 'circulation of t i e  P atmospliere (8). 

These reueamhes terminated in the following result,s. 

The results found in the papers of 1S85 and 1SS9 are 
full verified: In the region of the upper clouds, ciilus 
an B cirro-stratus, the direction of the winds is in tlie 
mean from west bo east in t.he temperate zones and froiii 
east to west iu t-he tropical zone. 

B. I publishe s the princi al result,s of this mass of obser- 

1. upper C l O l l d S .  

Figure 2 and [omitted] Tables 1 and 2 give the reuulb 
for some selected stations. 

Thus at  Blue Hill, near Boston, in America; at  Upsala, 
in Sweden; a t  Irkutsk, in Siberia; and at Hakodate, in 
Japan; the wind at  the height of t81ie upper clouds has 
everywhere a direction from west to east with a north or 
south componeiit~ according to the season. 

On the other hand the upper wind is from the east. at 
tlie tropical stations: Square 3 lying between the Equator 
and 10" north latitude ani1 between 30' and 30" west 
longitude and near Africa, Paramaribo in Dutch Guiana, 
and San Jose in Central America. 

At Mukimbung?, Congo State, the mean direction of 
the cirrus cloucls IS from E. 37" S. 

We give in addition for the ternperate zone the follow- 
ing dttta on the inem movement of upper clouds: 

. - . . . . . . . . . . .  . ____ 

".,I I 

I 
I 

I 

J; I 

FIQ. 2. 

TABLE 3. 

.i;utwwy.. ........................... : 1V. 2- N. 
Fehruary.. ........................... W. 10' N. 
March ............................... I W. 21' N. 
April ............................. _..! W. 9' X. 
May ................................. j w. 50 s. 
June ................................. ! W. 3'N. 
Jnlv ................................. ! W. 11'N. 
Au'gust. ........................... ..; W. 5' N. 
Sq~tembrr ............................ 1%'. 1- N. 
October ............................. .! W 90 N. 
November.. ........................ .i W: 15' N. 
Decen1hi:r.. ........................ .' W. 58' N. 

w. -" s. 
W. dm N. 
W. 11' N. w. 15' x. 
W . 3 v  6. 
W. w. 129 8' S. 8. 

W. 13' 8. 

w. 50 8. 
W. 2'N. 

w. w.350 60N. 8. 

2. Thr t r d e  ~i/;.i',)ul ~ 0 1 1 . ~ .  
In t,lie Atlantic: there is no stat. 

of the trade-wind belt. but in t 
In situated in the middle 
Le southeast trade wind 

of t,he Indian Ocean there is t,he excellent observato 
Maurit,ius. In  tlie official report of the director, z;! 
Claston, for 1597 we find the inean monthly directions 
a€ the upper clouds and t,hose of the winds for the years 
1877-13!37. The total number of cloud observations ia 
3,393. 

Table 4 [omitted] and figure 3, B, give results. 
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Nnages Snperieurs 

b. Mexique (1 88 1 - 83). C .  
N 

I 

FIG. J. 

Thus in the midst of the sout.liea5t t,rade wind the 
North of 

In t P le theories of Ferrel and J. Tliorllseii it  is s t a t d  
art, 

111 reality the couiit.er-tracle of the northern hemisphere, 
like all of the winds, det-iates to the right and at  the polar 
limits of the trade wind zone 11- become a west wind. 
This deviation increases, us is ~ I ~ O T V ~ ,  with elevation, for 
an upper wind deviates to the right of a lower current. 

from south-southwest, the intermediate (middle) clouds 

counter-trade blows iignrly from nortlwest.. 
the E uator i t  slioulcl blow from the southwest. 

that tlie counter-trade cont.inues, at  least in large 
as an up er southwest wind as far as the vicinity o f tlie 
north PO P e. We shall see that this is not true. 

Above a south wild, for example, the lower clouds move 
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'''Y NNW. 

I 

I 
; 1  1 

from southwest,' the upper clouds from bout west, as has 
been well proven for a long while. 

On Teneriffe the trade wind blows oyer the sea, st the 
summit of the peak there blows a southwest wind. Cirrus 
clouds are rare, but 76 observations in winter are .thus 
distributed : 

ac 

- . 

NW. 
.... ..... .... 

.. 

Jxnuarv ............................. 
Februiry ............................ 
Mawh ............................... 
April ................................ 
m y  ................................. 
June ................................. 
Julv ................................. 
.kuiust .............................. 
Pcpttmber ........................... 

Thus at the elet.ation of the c.irrus clouds the directioi~ 
of the up er winds is W. 15' S. in wint.er over Tencriflct. 

of the t.ra,de wind w e  have (1876-1885) : 
At San ';F. ernando (36' 37' N. lat.) atm the northern limit 

TABLE 5.-Snrc Fernarulo. 

W. 39' N. 
W. 36' N. 
W. 27' N. 
W. 15" S. 

I w. IS" s. 
I W. 5' S. 
W. 10' N. w. 110 s. 
W. 4.N. 

January ...................... ......................... 1 W. 4' 5. 
February ..................... W. 3' S. 
March ........................ ................. .I W. 4' N. 
A ril. ........................ ....... ............. I W. 3" N. dy.. ........................ ................... W. 20°K. 
June .......................... .................... I \V. 35" N. 

We have no observations from the Ca e Verde Islands 

sounding balloons have proven that there the upper wind 
is about southeast. 

Thus the upper tropical wincl froni the east cleviates to 
the ri ht  and comes from the southeubt at the Cape Verde 
Islan d s, froni southwest at  the middle of the trncle wincl 
belt, and from west at  its northern limit. I t  is the same 
cume that is followed by the tropical cyclones. Hence R 
vertical circulation between the Equator and the poles 
does not exist. 

3. Cp er moibsoons. 
The t P iermal equator, the trade wiiicls, and the high 

pressure areas a t  the Tropics have, as is well known, an 
annual oscillation, continually shifting with the sun from 
north to south and vice versa. Thus a large belt north of 
the thermal equator lies under the counter-trade from the 
southwest in winter and under the tropical current from 
the east in summer. As proof m-e gire the follnwing 
obsema t ions. 

In  Tablea 6 and 7 [omitted] and on figure 3 C we give 
the reaults of obserrations on cirrus clouds in S uare No. 

of observations of upper and lower clouds niade froni 
1875 to 1884 a t  several stations in Mexico between 23' 
and 19' north latitude. 

on clouds, but we shall see later that o g sen--ntions with 

39 (10'-20' N. lat. and 20'-30' W. long.), and t i e  Y nieans 

4. Asiatic .tri,onaoom. 
The Rev. Marc Dechevrens, director of the observa- 

tory at Zi-Ka-Wei, near Shanghai, was the first to find 
that the nienn direction of the cirrus clouds has no rela- 
tion to the mean distribution of air pressure a t  the sur- 
face of the earth. Despite the high pressure in winter 
mid the low pressure in suninier over castern Asia the 
upper currents t,here come in every season constantly 
from tmhe west.. 

We have proven that i t  happens everywhere in these 
arts that, the monsoons do not always reach the 

Reight of the middle clouds Let us take as examples 
Manila (14' 36' N. lat.) under the system of tropical 
pinds from the east, the means of the stations Kurrachee, 
Deesa, Bombay. Poona, Belgaum, Ni ur, Jubbelpore, and 

Wei (31' 11.5' N. lut) .  (Tables S-10 omitted: see fig.4.1 
Hence the nionsoom do not belong to the general 

niorenient of the atmosphere; i t  is necessary to consider 
them as great dis turhn.nc.es, whose height hardly exceeds 
-1.000 to 5,000 meteis. Aliove them the great currenfx 
niove as usual from the west or from the east. 

6. The AVori?t. T m p e m t e  Zone. 
Witell the esoeption of the nionsoon regions the mean 

direction of the wind in the Temperate Zone is west from 
the ground up to the height. of the upper clouds. 

Hers nre some esaniples: 

(Tables S, !I, and 10 omitted.) 

Cuttack in central India (nican latitu (P e 20' N.) and Zi-Ka- 

TABLE 11.-Blue Rill, Nus*.! Unittrl State8 vf Anierica. 

A.C., A.8. 

W.19' 8.  
W.16' 8. w. 270 N. w. 7' s. 
W. 16' S. 
w.140 Y. w. 110 h'. w. 7"N. 
W. 15' S. 
W. 6' 8. 
W. 16" 8. w. 7" A. 

Month. 
._ 

January.. ............... 
February ............... 
March .................. \V 5"N . W.21°X 
Aprll... ................. i W' 14O N' ! W 38' N' 
June ....................I IT. 2S0 N. I W. 5' N. 
July ..................... I W. 20" ?u'. I W. 3' S. 
May ................... .i w: 920 N: I w: 2 2 0  s: 

Septmnhn5r.. ........... .! W: 1Y P: ; W: 14O S. 
August ................... w 40 S i w 30 s. 
Octoher ................. i W 5" S. IV. 5' S. 
So\-rmlii*r ............... : W: 20 8. W. 30 N. 
Ilrrrmhrr ............... ! W. Bo S. 1 W. 14' 8. 

! - .  .- - - 

(Table 12 omitted: see fig. 4.) 
TARLE 13.--L)omctrk (56' Lat. ,v.), 1886-1900 (M. lf. i v iekm) .  

U'. 8' N. 
W. 9.N. w. 340 N. 
W. 23' N. w. w. SON. 
W. 9.N. 
151. 50 N. 
W. ?: N. 
W. b N. 
w. 70 w. 
w. 100 h'. 

I 
Middle I Lower 
clouds. i clouds. 

I- 
W. 40' N. 
W. 39" N. 
W.32' 8. 
P. 750 6. w. 4.40 s. w. 160 6. 

.370 8.  
W.17' S. 
w.200 s. w. 180 8. 

:v. 50 S. 

w . i n 0  s. 

w. 100 #. 
w. 200 s. 
W. 41. N. 
W. 39' N. 
w.630 s. 
w.439 s. w. 30'. s. 

W. 
IV. 110 N. W. 18" N. 
W. 7" N. 
W. 11" N. 

W.2a' 8. 

W.24'N. 
W. 2'N. 

W.17' 8. w. 90 8. 

W.42' 8. 

w. w .  1"N. 50 8. 

w. w. S O N .  3- 9. 

W.38. w.500 8. 8. 

Wlnd. 

W.42' 8. 
w .  70 s. 
w.200 8. 
E. €Q"h-. 
W. So N. w. 20' E;. 
w. 160 8. 
w.330 8. 
w .  100 s. 
W.53. s. 
w.549 a. 
w.570 8. 

---- 
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Zi-ka--Rei (1895- 1898). 
A. 

N 
N t 3.  N. inferieurs. 

I 
I 
I 
I 

a 
I 

I .  (Ci, I Cis). 
I 

2. (CiCn, ACU, AS) 
I 

ci, ‘cis. 

CiCu, ACN, AS. 

cu, s, N,iCuN, s c u  

C. a. Paris (Psrc Saint. 5 h u r ) .  
( I  87Ci-SO). 

N 

D. Madrid. 

N +r 

Nuages inferieurs. 
Nuages sup6riem. 

FIQ. 4. 



380 

- 

MONTHLY WEATHER REVIEW. 

TABLE 15.-March of the clonds ovw Norway, Iceland, and Greenland. 

-- 
w. 750 8. w. 460 6. 
W. 15' 8. w. 90 8. 
E. 3508. w. so' 8. ............. ............. ............. 

I 
W. 51' 8. I W. 60' 8. 
W. 2'N. W. 9'8. 
W. 32' N. 1 W. 24.8. 
W. 30' N. W. 29' 8. 
W. 20' 8. W. 70' 8. 
E. 50"N. E. 80'8. 
W. 48' N. .............. 
W. 70' N. I._. ........... 
E. 2 O  S. ............... 

I 

I 

January ............................. 
February.. .......................... 
March. .............................. 

r ik  ............................... 

July.. ............................... 
August .............................. 
September ........................... 
Oct h e r  .............................. 
N nwiber. .  ......................... 
December. .......................... 

d v  ................................. 
JUdQ ................................. 

W. 27' N. 
W. 13' N. \!. 22O N. 
U. 2;* N. 
W. 4 5 O  N. 

I W. 4B0 N. 

W.29-N. 
W.45'N. 
W.2SoN.  
W.32'N. 
W. 45' N. 
W.33'N. 
W. 53' N. 
W. 34' N. 
W. 2So N. 
W. 39' N. 
W. 42O N. 
W. 51- N. 

W. 5'N. 
E. 36'8. 
E. #SON. 
E. 33's; 
W. 23' lu. 
E. SO'S. 
U'. 05' 8. 
W. 34' 8. 
W. 14' N. 
W. 34' IC. 
W. 41' N. 
W. 69' N. 

I Aweten. 
0 - 1 . m  .......................... ' 1,000-3,oOO .......................... 

3,000- 5,,OOO .......................... 
r.m-10, m 
-4bove 10,ooO ......................... 

.......................... .......................... ~,Guo- ,,om 

I 
W . I " N .  ' 
W.12'8. i 
W.13OS. I 
W.120P. w. 90s. 
W. 13' N. i 

W . W N .  w. 23' 8. 
E. 2 4 O  S.c?) w. 30 6. 
W. 16' N. 
W. SON. \v. 190 s. w. 15. 8. 
W. 13'6. w. 906. w. 450 6. 
W. 19' N. 

W. 5"s.  w. 140 8. 
W. 48' S. w. 130 s. 
W. 39' N. 
W. 22's. w. 54- s. w. 2s" 6. 
W. 9' P. 
W.21'S. w. 35- 8. 
W. 14' 8. 

September ........................... 
October .............................. 
November ........................... 
December.. ......................... 

W. 4'8. 
W. 3'8. 
E. 78'8. 
W. 19' 8. 

i 
! 
I I Latitude. Longitude. 
I 

-4pril-September. October-Md. 

clouds. clouds. 
Upper I Lower 

clouds. 
Upper I Middle Lower 
clouds. clouds. clouds. 

~~ 

LMinKen. i 
Drontheim.. 
Aa snes 
Christiania.. 
Thomhavn.. ................................................... 
myqsvia ...................................................... 
8t kkisholm.. ................................................. 
TeTgarhorni. .................................................. .! 
Upenuvik 

..................................................... ................................................... ......................................................... ................................................... 

...................................................... i 

€So 24' N. 
63O 2 6  N. 
Bo' 37' N. 
59' 55' N. 
62' 25' N. 
64O Q'N. 
65" 5' N. 
6 4 O  40' N. 
72' 47' N. 

160 1' E. 
10'32' E. 
11058' E. 
10043' E. 
6" 45' W. 

210 55' w. 
220 4v m. 
140 19' w. 
560 7'W. 

w. 630 8. 
W.35' s. w. 1.30 8. w. 9' 8. w. 550 8. 
E. 7O'N. 
W. 3'N. 
W. 29' N. 
W. 86' N. 

m. 490 8. w. 2. 8. 
E. 53' 8. 
W. E. 26' 43' 8. 8. 

6. 
W. 76' 8. w. a30 8. 
E. W N .  

w. 540 6. w. 28" 8. w. 800 s. 
E. 71'6. w. 350 8. 
E. 5i"S. w. SI'S. 
w. 308. w. 590 6. 

It is seen that there are some stations, Reykjarig 011 
the southern coast of Iceland especidly, where the 
march of the clouds is from east or nortliertst. This 
exception is eeily esplainecl. South of Greenland and 
Iceland there IS situated the ieat mean barometric 

minima niovin- from west to east. To the-north there 
lie the vast, frigid lands of Icelnnd and Greenland? 
always covered with ice, over w-hioh there is most often, 
especially in winter, a high baronietric pressure. We 
have seen (above) that in such a situation the depres- 
sions are strongly developed mid are closed above (at 
the north) up to .the height of the cirrus clouds. The 

assa e of depressions so rnnrkecl heing almost continual, 
!t folfows that st these stations the cirrus clouds are 
seen moving in general from the east despite the ninrch 
of the minima from west to east. 

At Bossekop (69O 56' N. lnt., 33" S' E. long.), a sta- 
tion in Norway, M o h  found cloud mett4ureinent.u in 

TABLE 16. 

minimum traversed almost wit % out cessation by tlie 

1896-97 85 follows: 

....... ...... - ..... ... .... 

! I Wind I 
direction. Hcight. i 

TABLE lS.-IrXoutsk, Siberia (5z0 16' lat. N.,.loJo 10' long. E . )  

Clouds. 
Uonth. /Uupper. -I Lower. Wind- Niddle. 

w. 4? N. 
W. 48' N. 
IV. 45' N. 
W. 16' N. 
W. 40' N. 
W. 1Io N. 

W. ?ON. 
W. 21' N. 
W. 32' X. 
W. 14' N. 

W. 27O N. 
\V. 2i0 N. 
W. 45' N. w. 370 N. 
W. 34' N. 
W. 34' N. 
W. 45. N. 

I\:. 410 N. 

6. S&t*opi,ctrl 20 l b  f . 
We have seen that the air above the Temperate 

Zone is drawn in a vast whirl turning from the west, 
whose center lies in the polar regions; and that in this 
whirl the air in the lowest strata approaches the center 
and that of the higher strata departs from i t  in the same 
mminer as in an ordinary cycfone. Hence we must 
expect that the upper currents invade tlie northern 
slope of the high pressure re6ion of the tropics, which wlll 
thus be fed from two sides: by the counter-trade 
from the southern side and by a current from the north- 
we& from tho uortliern side. This is precisely what 
takes plnce. 

From observations taken durinq the ' I  cloud year " 
the following mean directions at different heightv were 
found a t  Washington, D. C. 

TABLE l!l.-Washington (SSo ,W lat. N.). 

I 

TABLE lir.-Toinsk, Siberia ( 5 6 O  $0' lat. N. ,  W SO' long. E . ) .  

Wind. 
Clouds. 

Height. October- 1 S&t%erI March. Niddle. 1 Lower. 

W. 32' 5. w. s o  s. 
E. B'L'S. w. 59- 5. w. 3" 6. w. 490 s. 
E. 210s. m. 660 s. 
W. 52' 6. w. s90 8. 
W. i2 '  8. w. 620 8. 

................................................... I Mctrrs. 
0-1,000 N. 

1 000-3 OOO N. 
3: 009-5: OOO .................................................... N. 
5,000-7,oOO .................................................... N. 
7 , ~ - 1 0 ,  OOO ................................................... N. 
dbove 10,OOO ................................................. 

.................................................... 420 w. 
eG0 w. 
s10 w. 
89' w. 
so0 w. 
770 w. 

8. 71.W. 
N. Si '  W. 
8. r V  W. 
8. mow. 

N. 
N. 79' W. 

According to observations taken a Fayal, &ores, 
which were sent to us by M. Chaves, the march of the 
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-- 
NE.+ 

SE. 
E.+ 

-- 

15 
81 

48 
9s 

17 
13 

142 

159 I4 

cirrus clouds is from the northwest in summer and from 
westrsouthwest in winter. In  winter Fayal lies in the 
wind system of .the Temperate Zone. 

TABLE 2O.-PpTPisnun, Fruiice (415' 41' lut. hl.). 

~ 

i 1 Ilpper. Middle. I Lower. I 
-- 

Month. 
BW.+ 

NW. 
w.+ 

7 3  
0 

37 

4 8  
5 
66 

13 
8 

80 

8 3  

48 2 
~ _ _ _  

Jsnuary.. ........................................ W. 3 4 O  N. \I-. 37" N. 
February.. ....................................... W. 39' N. \Ir. 33" N. 
March.. ......................................... _i 11'. :3Po N. W. 33" 1;. 
-4 rll ............................................. I 15'. 31- h'. W. 40' N. dy ............................................. W. Bo N. . W. 28' N. 
June ............................................. .( \I;. 18' N. W. 13' N. 

Augusr ........................................... w. % O N .  I w. 14"N 
Reptcmher.. ..................................... W. 110 N. ' W. \ i o  X: 
Octohcr .......................................... W. 1YN.  W. 4 O S .  

November.. ....................................... \V. 34' N. W. Po N. 
December.. ..................................... _ j  W. 2;" N. W. 33' N. 

JUIY .............................................. I 1%. lie N. W. 22" h'. 

Month. 

' I  
1. ('ape Pemhroke (51' 41' 13t.S.. ' 
2. Lauriu Island S Orknev (60' 

3. Two cruises on Weddel Bea. ...I 15 I 1 7  
5i042'lonp.W.) .............. ! 1 8 . 3 /  8.8 

43'lat .X. ,I~'39' lonu.~~.j  .... 110.8 2 7  

i !  

! 
' Madrid 
' (40023' 
I ht.N.). 

! 
2.8 2.3 4.8!12.8 22.6 25.1 

2.1 8.5 !.l 12.5 11.1 36.1 
8 9 I I 12 12 I 13 

Jmm-y ........................................ ..I W. 48' N. 
February. ....................................... .I W. 22' N. 
March .................................... .: W 44' X. 
~pr i l . .  .......................................... ./ W: 20" N. 
May .............................................. IT. 6's. 
June ............................................. _ i  W. 23' S. 
July .............................................. I W. W N .  
Beptemher.. ................................... ._/ W. lo h'. 
October.. ....................................... _, W. 37' N. 
November ........................................ W. 36' N. 
December.. ..................................... .( W. 35" N. 

A U ~ U S ~  ........................................... ~ W. 

According to Dallas the march of the c 

Pol3 
(11' 3'" Lt. N.). 

W. 770 N. w. 2.5" N. w. 25- N. w. 2;" h-. w. 12- N. 
W. 25' N. 
W. 12' N. w. 3" N. 
W. 10' N. w. 40 N. w. 3"N. w. 10' N. 

w. 520 x. 
\\'. 31i-s. w. 2-10 x. 
w. IS0 x. w. 100 h-. W. ?io S. w. IS0 s. 
\\'. 120 s. w. 140 x. w. PI? K . w. 320 N. 

w. :me x. 

W. 50" X. 
11'. ;uo N. 
\V . t%" N . w. 250 x. 
w. 230 s. 
\I-. L5" N. 
w. 210 s. w. "'a x. 
W. 50' N. m. .13'S. 

........... 

........... 

rnis clouds over 
the Gulf ofPersia is from the northwest a t  all seasons. 

7. Polar regions. 
In  the polar regions of the northern hemisphere obser- 

vations of cloud movement are very rare. The Arctic 
expeditions are general1 old, and then such observations 
were not yet general. guring the "polar year," Augist, 
1882-August, 1883, the mean direction of the upper 
clouds, cirrus and cirro-st,ratus was as follows: 

- 

Jan Ms en 71. N 1st. Sohicczky 
Cape Tior;iien, 7 ~ "  B* 6. ht. (ukoii-,). .............. 

At the most northern station, Treuremberg Bay, on the 
northern coast of S itzbergen (79O 59' N. lat.) J. West- 
man found from Ju P y 1899 to August 1900: 

nrtolier- I Jipril- I.--,- Narch. I Septenibrr. 
- ..... - - Clouds. ....... - - 

........................................................ W. Z'N. W.i.i" S. 
W. i Z "  S. 3f- . dle.. ..................................................... W. 30' S. 

Lower ........................................................ I w. v a .  I w.wL*. 

We shall give the results of the Nor\\-cgiiin polar 
expedition by Nansen, 1893-1806, which moved with 
the ice from east to west, from the vicinity of Beliring 
Strait as far as Spitzbergen, and the polar espedition by 
Ze' ler to Franz Josef Land. The espedition sojourned 

August 31, 1905, and a t  Teplitz Ray (S1.5O N. lat., 58O 
E. long.). We have made calculations as if the obser- 
vations were made at the same station. 

at 5 ape Flora (SOo N. lat., 50° E. long.) from May 21 to 

Nnnsm polar expedition of 1895-1896. 

t.'irnis.. .............. .8. 1P E. 
(5-St.. ................ N. 66' W. 
(3 nnd Ci-St.. ....... .N.  76' 'A'. 

Ci-Cu. .............. .N. 46' W. 
Pib (lower). ............ N. 60' W. 
Wind .................. S. 23' E. 

TABLE 23.--EFa~u Jozc f Land. 

Nuages. I N. 
I 
>--- 

Winter: I 

Spring: UP$er ........... i 3 

Up cr .......... I ..... 
Mw!dle ......... I 2 
Lower ......... .I 5 

Ni dle ......... 2 
Lower .......... io 

Upuer. ......... 3 
Middle ......... I 2 
Lower 

Ill dlP .......... 1 

Summer: I 

......... j lo 
UpJJer .........I 4 

.lotunin: 

L O W P ! ' _ _ _ _ . _ . _ _ !  16 
-. - __- - __ 

Wind: Dec.-Feb., E. to S.; Mw.-Apr. E. to  h;. tTe lile); (JCt.-Apr., E. to NE., 
~ a y - ~ i i l y ,  W. to N w., Aug.+ept., variaL1e (Cape Flora?. 

Tlic. winds were g,reni~r:~ll~ from the east from October 
t.o April, from west t.0 nortli~wst from May to .July, and 
verv variable in August and Ss!>tt.rnber. 

flow t h r  \vim1 W M  from an eiisterlv direction escept 
in Franz Jowf Imzd in auninier. The most, frequent 
direction of t.lm cloud3 there wns also thiit of east, to 
southeast wit.11 a secondary nirrsimum from the north- 
\wst in simmer. 

On the North American espedit,ion of the F Y ~ I . ,  Capt. 
Otto S~erdimp sojournod on the coasts of Ellesniere 
I:.aiid to the west. of Bnffin Bay in 189s-1902 (9). The 
results are sunumrized in Tuble I (omitted). 

At d l  clerat.ions winds from the iiorth nre generally the 
most frcqiient ant1 after these, soli th winds, which are 
the premiling oiics in summer. 

Only two classes of clourls were considered: Upper 
(cirrus ancl cll-ro-sbrstus) and lower (including all other 
fornls). 

It \vas feared that the winds were deviated b the 
nl;rtli-sou th direc t,ion of t,he strait which sc >arates H lles- 
mere Land from Heiberg Land, t.he stations i! eing situated 
n t  the southcrn cwtrmice of this strait, but according to 
Capt,. Svcrttrup tlic! same direction of the wind was 
observed on thc SI; ii111lit,s of the mmntnins surrounding 
the strait mid ns tho winds from north-south have a 
maximum even lit the eleration of the upper clouds this 
irregularity in t,he wind system milst be accepted-an 
irregularity which will be explained in what follom-s. 

Ohservtttions from the Antarctic Zoiie are more numer- 
ous. In the following t.ables we give a summary of the 
observations ciii the march of clouds and the direction of 
the wind made by the principal expeditions: 

TABLE %.--"8COlif6," winds. 
. -.___ .......... . ...... ..... i N. I I N E . ~  E. I SE. 1 8. 1~w.I w. (Nw. 
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8 
7 
6 
6 
15 

The 3 winds from the east were observed ody south TABLE 25.--"Dismvery," Ross Island, 77' 50' lat. S., 166' 45' long. E.' 

I N .  i ~ E . 1  E. I s E . 1  9. 1 s w . j w . I ~ ~ .  
of latitude GOo S. 
TABLE 24.--"Snowhilb" march o clouds and m'nds (64' E' lat. S. __- I--:-- --- 56' 69' 45' f long. iv.). 

0.8 
0.2 
0.3 
0.4 
0.4 

........................................ N.. I o  

1 :  

NNW ..................................... 
NW ....................................... 
WNW. .................................... 2 w ......................................... 11 

8SW 
8.  ......................................... 
SSE ....................................... 0 

E .......................................... I 0 
E h% ...................................... 

.................................... 
WSW. 8W ........................................ i !  
BE.. ESE ....................................... i :  
NE.. NNE ...................................... I !  

...................................... 

...................................... 

...................................... 
.................................... I Total.. 

9 a 
4 
8 
16 
4 
9 
6 
2 
1 
2 
0 
0 
1 
4 

G2 

a 

1 Calm 14.8, variable 2.3. 

St.Cu. Wind, 
Nb, St. percent. 

Keryelen ........................... 49O 25' 69" 53' 
Heard Island ......................... I 53' 8' i 73' 34' 
"Gauss" ............................ 8 8 0  2' 890 38' 

Upper clouds.. ......... .per cent.. 1 ,  81  41 8 1  8 1  101 281 191 19 

............ I ...... I ............ 
feet) .................. prrcent..l 4 1 2 I 4 !  8 1. 12 1 e4 

Smoke from Mt. Erebus (13,000 
I 28,l 8 

8. Barometric ma.xiimum of the North At1c.nti.c Ocean. 
The movements of the up er layers of air over the 

barometric maximum of the 1F orth Atlantic being of the 
higlies t iniportnnce for our under5 tnnding of the eneral 
movements of the atmosphere, we have studief these 
saecisllv. f IO 1 

4.5 

~ 

Winds. 

Winter ............ 
Summer.. ........ 

. . - .. - . - . .- .. -_ -~ 
I Winds. I S. I SSW. I SW. I WSW. I W. 

#National Antarctic Expedition, 1901-1804, Pt. I, p. 495. 

Coni.poneirta in  per cent (calnis omitted). 
- ... I Lat. S. I Loug. E. FromE. I From W. 

I -- _. 

....................... I 76 
Lowerclouds ............... do .... I 18 1 -  10 I 13 1, 14 I !8 I 15 I 4 

.................. 
Winds ...................... do .... I 11 I 20 I M 1 16 I 

I ...... I SO i ....... ...... ...... ...... 
I 

TABLE 26.--" Belgk," cruise from 69' SS' to 71 36' lnt. 8., FOo SO' to 
9 6 O  40' long. T1'. 

- - - .. __ . , - . , 
For this study me have used, in adcli tion to the results 

given above, the ne hmcopic observations in the Antilles 

kortn, island of Fuga1 (Azore3).(12) Tiien we have 
cnlculsterl tlie means of the observations of upper clouds 
published 1)y Toynbee in lS7G for squares 38, 39, 40, 2, 
3 ,  4, 301, 3r32, and 303. 

l'iie result3 are cntcred on the two charLq (figs. G and 
7) on xdiicli tlie directions of the upper currents seem to 
appear very much in their general characteristics. 

Above the oqua.toria.1 regions the g e n t  up er current 
from the east is very well indicatetl. Above 8 ape Verde 
i t  moves from the southeast? afterwards becomin the 

barometric. masimum, and finally, deviated more and 
more to tlie right, it Mows from the west over the crest 
of tlie maximum. 

In the Antiller, where the trade wind blows froni east 
or east-iiortheast, the upper currents have a direction 
entirely opposite. T i s  has been known for a long time 
from the fact thtLt the ashes of tlie Aiitillean volcanoes 
always fall to the east of the volcanoes. 

Bigelow has published tlie observations in graphs. 
We reproduce here (fig. 5 )  one of these plates containing 
the means of four statioiis. There is clearly seen the 
opposition between tho lower ant1 the u per currents 
ant1 also the irregular course of tlie mid c r  le clouds be- 
tween these tlie two currents. 

North of tlie barometric maximum, in tlie subtropical 
zone the umer wiiicls move cenerallv from northwest or 

ublished by Bige P ow (1 1) and thore of Chaves from 

soutliwes t counter-tiU:ide over tlie southern slopes o 5 the 

TABLE 27.--"Souhmn cb88," cape .4dnrr: 710 late s., 1700 lo,lg. E. from west-iibrtliwest as we hive seeii above. 

cirrus clouds coine froin the northeast, which corresponds 
to their course from southeast a t  Cttpe Verde. 

........... 4.1 3.1 I 3.1 40.1 .The charts show the variations of the u per winds 

Farther to the south, over Ascension Island, the 
sw. w-. I NW. 

1- - 

..... 1 ......I ...... I ........ with the seasons, tlie barometric maxinium E eing most ---- Winds, per cant 

to the north in summer and most to the south in winter. 
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.lftVtw.. 
..................................................... 

0.. WO.. ................................................... I +& 
400 ..................................................... 18.5 
YM ..................................................... 18.0 
lia) ..................................................... 18.9 
m ..................................................... 24.5 

2.m.. ................................................. 
3,IW ................................................... 1 0.0 
m n i . .  ................................................. I. R:, 

1,UM ................................................... I 26.4 
i ,wi. .  ................................................. I y;:; 

4.m ................................................... I 5.6 

general a north coniponent in winter and a south coin- 
ponent in sumnier. 

In  order to study the increasing constancy of t,he winds 
from tlie west with elevation we have calculated seprtr- 
ately the immher of winds from northwesbsouthwest 
and from southeast-northeast a t  the hei hts 0-5,000 

by means of pilot balloons.(l4) 
In tlie same manner we hare calculat.ec1 t.he directions 

of the cloutls in the same year at. 1Tpsala a d  those found 
at  t,lie Swedish antarctic stmation a t  Snowhill. 

And then we have calculated the percentage of winch 
with east. component in all oE the minds northwest- 
soiit,liwcst ant1 northeast,-sout.lienst. 

It. is scwi how the winds wit.li east. componnnt. dccrenso 
cons it1 cmhl y with elevation. 

meters in the observations mntle at! Linden % erg in 1912 
. 

LINDENIIE R 1:;. 

*O 
sn 
8s 
!I3 
xn 
35 
16 
11; 
21 
BU 
40 
47 

Tot31 ................... 11; 
i'ercent ................ I N.. ..................... 

4 4 . 4  I 

YEAR. 

NNW-SSM'. ........................ 
BYE-NNE ........................... 
Total.. .............................. 
Per cent.. ........................... 
N ................................................ 
s ................................................ 

I-!-I_-- 

NW-B\V ................ 6.5 i 8  59 

121 S4 

8 ........................ 9 

SE-NE ................. 1 -5; 1 43 2.5 ~. 

35.5 2 9 3  

I 

I 
I 
I 

55.8 ! 5; z!. 1 i 14 ,,.2 I i 1  
2;. 7 19. i 

I 

531 1 139 49 33 
BSE-NNE u 
Tot31 ............................... 

s. __. -. 
$4. ..... 
11 ..... 
Id .____ 
23 ____. 

Percent.. ........................... 4 4 . 4  *.2 U 
N ................................................ 5 
s ................................................ 

JUNE- AUCtUST. 

.,-. 
?no 41' I 31;- 313' w 1 1 n  NE.. I?.(KI~ NW.-\VNW. 

w 4' lt'03rr ~ , ~ J ~ N N E . .   ON., S.NONNE. 
2io  $2' 38- 34' L S , c o O  NE.-?T?TE.. 9 . W  NU'.-NNW. 

31O44' 42'39' U.540ENE. 
87' 3' 27'21' lb2.210 NE., 2,soO NW., 3 3 0  NE., 3,.%0 N., 12,330 

NNW.-NW. 

NNW-SSU'. ........................ 438 10.5 62 
ME-NNE.. ......................... 
Total.. .............................. 
Percent ............................. 49.3 I 49.6 31.9 32.1 

.............................................. 3 N.. 
s ................................................ I 1 q  4 I I 

SNOWHILL. 

:In 
s 

5s 
13. S 
2 
2 

23 
0 

21 
n 
0 
1 

It seems that i t  should be concluded from this t,hat 
the cyclones and an ticyclones are pheiionienn which 
origiriat,e in the lower st.rata of the ntniosuhere and which 
do not always reach the upper st.riit.a. It is also known 
that the antic clones form and remain normally over 

over the seas. 
2. Ba,rometri.c ma~xi~m.im. of the North. Ath.nti.c 0cea.n.. 
As we have seen, the currents of air above and around 

the barometric mrlsimum of the Tropic. of Chncer are 
v e y  complicated, but a.lso very int.erest,ing to know, if 
i t  IS desired to study the enernl movements of the 

kites from a steamer when I proposed t.0 him in 1901 the 
making of such experiments over this part of the ocean. 
However, this program was too difficult to be carried 
out a t  that time. On one hand the expenses were very 
considerable and on another the kitm did not generally 
rise to sufficient heights. 

cold, diy  lancs, T while t,he minima form most often 

atmosphere. So, hardly had 5 otch succeeded in sending 

But scarcely had Assniann in trorluced for these esperi- 
ments small rubber balloons, which nscentl wit.11 n 
velocity percept.ibly const.ant,, and whose pat.lis can 
therefore be det,erminecl from a single poiiit on the 
earth or from the bridge of n steami~r.l when Prince 
dlbert of Monaco, accompanied by Hergesell, uiiilert,ook 
two espeditions with his yacht, (Ar'ir.cf.ss  ah^ t,o carry 
out, such ascensions. 

Tlisse espcrinicnts mere cnrricd on in 1004 in t,ho tri- 
angle 0 ort,o-Teneriff e-Azores and in lW15 n11:)ng the 

W. li!np. ) -  

A4Z~.)YeS (15). These are the results of t,htt first. esptvli- 
tion. In the lowest st.rntuni t.here prevails the iiort~licnst 
tmdc wind with a nicnii vclocit'y of i m/s. Tliiw is 1111 
:diahnt,ic tlccrcase in tcnipernturc tint1 a rc1:hvr hmiiit1it.y 
incrt.iising froin 7 W X )  per cent to 0.5 per crnt., or oftrii 
100 prr cent. 111 tliis cusc cumulus clouds forin zit t.lw 
uppihr limit, which lirs ;Ita a hridit. viiryiiig lwt. w e n  100 
m&rs and GO0 nict.rrs. Then tlic t~cniperut~urc. sutl~lriily 
rises several tlcgrees am1 tlic liuniitlity falls t.o only 20-1 O 
per (:cnt. In this inversion stqrtttiiiii with R thi(:lmw d 
nhout 1,000 nieters t.lie wind is very irrcgultir nnd liglit 
from the northetist,? shift,ing orclinilrily with ch-at.icin, 
from norblims t. t91irough north toward nort,li~v\-est, but. 
twico (ohscrvetl) shift.ing froni iiort,lie:ist tmv'nrd si iiitli- 
cust aid  south. ill)ors tlie llivoisioii strst,uni t.lirrr is 
fowid a p i n  a strntuni wit.11 a grutlient csaotly adinhnt,ic. 
Ilie relnt.ivc hurnidit,y incrotrscs with elevst,ion so t,lint 
tho vapor content (richesse hygronietrique) is c.onst>niit.. 
which permits the inference of a descending ciirren t. 111 this 
stratum, which estcntls heyonil 4,500 meters, the grcatcst, 
height, renclietl 011 t.liis espedition t.liert? prcvuils n wilicl 
from the northwest. A couiit,er-trndo aiiitl from tlicr 
soil thwcst wtis o1)scrvrd hut oncc. 

As tan csaniplc?, Rergesctll gives the typical results o €  
August c), 1(31)4 ohtaintxl, t.o the west of thc (':~iiary 
Islands. 

TABLE 29. 

route Gi P )ralt,ar-Sargasso Seii !3G0  N. lnt., 

_ _ _ _ ~  
I I 

IIelght. 

N. 5?O E. 

N. 31;" E. 

N. 9 E. 
N. 150 E. 

N. 55W. 

fliese results were fully verified during tlie espcdition 
Hergesell gives tlie following sunininry of ob- in 1005. 

servntioiis on talie directions of t,he winds : 

meters NE.. 5,WJ NW.. 6.740 Xi<., 7,370 N. and at 

I We will nrtt trcat here the experiment31 methods employed in these researches- 
mothrds wo11 hiown at present. 
2 In general, as at Trappas, Hald, etc. thc study O~HIGHS shows that, in general, there 

Is a zone of light winds at a certainhei ht,neone through which kites ordinaril cannot 
rise Thev form a horizontal line d k d  "la l ipe  de cansrds." See also thefrregular 
makh of intermediate clouds over the Antilles (Fig. 6) and C. J. p. Cave, The 
strocture of the atmoaphrrr In clear weather, Camhrldge, 1912. 
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The velocit of the trade wind was ordinarily 5 to 6 

Once, at  the most southern station, the upier wind 
blew from southwest-southenst : eveqwhere e !I se from 
northwest. Hence the counter-track from southwest. was 
found only once. 

The expeditions of the Oiaiiu fitted out by Trisscrenc 
de Bort and Rotch were more ini:)ortnnt. The first 
espedit.ion began July 1, 1905, and h e  0turia visited in 
turn Madeira. the Canaries, Cape Tertle Islands, the 
Canaries, and the -4zores. The obse.rvat,ions consisted, 
at sea, in flights of kites a.nd pilot l~nlloons: with the 
exception of those of August 13 the latter were sent 
from the lrwicl in orcler to have a base which wouldpermit 
of a.n esacb determination of the pnth. 

The following espedition was made in tho month of 
February, 1008. It was of short clurntion, its principn.1 
purpose being to determine whether the flights ninde. 011 
the open sen gave the same sii erpositioii of currents tis 
those made at Teneriffe. The sfnlloons wilt up in Febru- 
ary denionstrated the esistence of t,ho counter-trnde wiiicl 
above the trade in tlie regions of tlic Canary Islnncls. It 
remained to study the intertropical circuln tion itself and 
to ursue sounclin in the central pc)rtion of the At1:iutic. 

Verrle Islands. Sierra Leonr, Bsccnsicm Islaiid, the Chpe 
Verde Islnncls, Teneriffe. the A4zorw nnd tlicn returncd to 
Europe after having suiled n gren.t c p t d  rilaterd to the 
west of the Azores as far as of loiigitude west of 
Paris. Leaving Maiseilles n t  the close of April tlie espc- 
clition returncd to Havre on Octoher 1s. 

On thia espedition there were made 24 flights of pilot 
brllloons and 46 flights of kites. In crtlni weibther cap- 
tive balloons carrying self-segistcring instruments were 
also often employed, which were in this nianner sent to 
n.bout 5,000 meters, as far tls the counter-trade wind. 

Then Teisserenc de Bort alone out;fit,trd still mother 
espedition which left Havre on July 1 .  1907, for the 
Azores, where be an tlie first flights of balloons, which 
were continued Siieflr to the soutliwest of the Cape 
Vertle Islands, which c urine bwro periods of 13 to 14 days 
each permitted the following of the daily circulation a t  

’ cliff erent heights above these parts. Several bdloons 
reached the isothermal stratmum in a manner not to he 
questioned. The ascents were 41 in number, of which 
29 were souriding balloons, and of these 20 were recovered 
iving good cuires; the otlieis served ns pilot balloons. be give here some tylicnl specimens of the numerous 

The general results concerning the circulation of the 
air are tlius summarized by Teisserenc de Bort: 

“The wind system is rather regular in a given region 
aiid tlie whole of the circulation over the part explored 
(35” N. to 8’ S. lat., from the coasts of hurope to 47’ 
of longitude west of Paris) ctin besummarized as follows: 

“The regular trade wind from north to northeast, 
which blows a t  the level of the sea, forms a stratum 
whose mean thickness is hardly 1,000 meters, then 
comes a wind zone still having a north component which 
blows ordinarily from the northwest. Thwe winds from 
the northwest ap ear to cease a t  10” from tlie point of 
convergenee of t R e trade wind, which in summer is 
found toward So north latitude, consequently to the 
soutli of the Cape Verde Islands. Above, at  an elevn- 
tion begins the region of winds with south component 
which form the counter-trade. Tlie latter are niet wit,li 
at a lesser altitude as t,he Equator is approachctl; tlius 
t,ownril the Cape Verde Islands the counter-t,rnile is found 

m/s, that of t z e upper wind 10 to 15 m/s. 

. 

‘Fhe third expe $” ition visitetl in turn hhclcirx, the Chpe 

observations. (Tables i I-V omitted.‘) 

in thho neighborhood of 1,800 meters mid at the latitude of 
t.lie C’anar Islaiids it blows above 3,000 meters, which 

of Teneriff e.’ 
“Tlie equatorial region, that is to say that where lies 

the point, of meeting of the trade winds and whose lati- 
tude varies slightly in the couise of the year, is occupied 
hy winds with east coniponent very predominant up to 

eatest hei hts that have been esplored. From 

t,racle winds proper, winds with north component, which 
form t,lie counter-trade ; these winds are from northeast 
mil sometimes from northwest. These changes in direc- 
t.ion caii he esplained in that these different superposed 
l a p s  come froni cliff erelit regions of barometric mini- 
mum. 

“Tlie counterpart of tho nort,liwest winds which are 
niet with in the northern hemisphere above the north- 
m s t  tmdc wind is given us by tlie streams of wind from 
the southwest which are found in tlie vicinity of Awen- 
sion I’slancl above the southeast winds, proyerly c d e d  
t.ratle winds of the soutliern hemisphere. ‘lhesc winds 
are superposetl upon the streams of t>lic trade or counter- 
trade wind. 

‘iThese complications of the strata of different winds 
arc? also met with in the northern hemisphere. Ex- 

corresponc 9 s besides to the observations mads on the Peak 

the t.lie fi Y th degree o !? south latitude there is found above the 

ha3 hitlierto been su posed. 

over great areas, moving from southeast, then from 
soutli, froni southwest, and finally terminating in a 
west wind at  the lntitucle of the Azores. Naturally, 
there are some daily irregularities, and the case is met 
with where the trade wind estends.up to 7 to 8 kilo- 
meters and even farther a a d  where the counter-trade 
secms to be wanting; but these c.onditions are of short 
duration os limited to one portion of the north Atlantic 
high pressure area, as is seen when the observations are 
est,ended over several niont,hs of three different years, 
which permits the determination of the normal system.” 

Thus the conclusion of Hergesell that the masimum 
of the North Atlantic is fed from the north by anorthwest 
wind is confirmed. But? thanks to the estension of 
rc?senrches to greater heights, to more sou thrrn latitudes, 
and during several yetus, all the system of winds devel- 
oped from cloucl observations has been established. 

9 s  for the regions of the Antilles, we have seen from 
the observations of c.louds by Bigelow that at  the height 
of the cirro-cumulus or oirro-stratus (7 to S kilometers), 
tlie counter-trade wind blows from west or west-south- 
west, exactly opposite to the direction of the trade wind, 
which blows there from ertst to east-northeast, and that 
there is betN-een these cursents, at  the. height of the 
middle clouds, a stratum with variable winds. 

In  December, 1909, Hergesell carried on in the region 
of the Antilles some flights from the IXctorih Lmtciso. of 
thc Garman Navy. Emperor William aid all of tlie 

T-icto~ia. LouGe in the >ort of St.:Thomas, tlie results of 

‘ *‘l’lie counter-tra c r  e wind in its entiret,y predominates 

espehses of the espedition, which em R wked on the 

which nre given in Tab \ e VI. 
1 However. om sees from the tsbles that this height Is very variahlc. * unrr. July S, 13013, nim Tencrillr a NNK. wind \vas t h m w l  to 3 height or 11,wI 

mrters. 
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Mtftrs.  0 

1160 ...... E. 12N. 
2'soO E.35N. 
5:510::::::E.7 8.  
6,380 ...... E.4N. 
8.410 ...... E. 6 8. 

9280 W 13 S. 
P'470.. _. .W. ?4 s. 
14!79O.. .. .W. 21 s. 
15 370.. .. .W. 19 3. 
16:24O. - ._. W. 36 S. 
16,530.. ._.E. 47 9. 

S.ro0. .... .Calm. 

16736::::: w. 
12630.. _. .w. 37 s. 
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Mrtrrs. 
loo0 ...... E. 
1:giO.. .... E. ?O N. 
3.W __.__. W. 68 N. 
3.720 ...... w.405 .  
4,200. .... .E. 79 8. 
5 w  ...... W . 8 2 8 .  
6'730.. .... W. 12 h'. 
'1'520.. .... W. 23 N. 
x:5so. ._ ._. W. '22 N. 
9ww) _..___ W.16S.  
iiw ..__. w.30~. 1 12:kO.. ... W. 15 S. 

TABLE VI. 

. 

TABLE VIL-The &Southern HemGphere. 

Mefern. 0 

2 570. ... .E. 33 N. 
4:400. ._ .E. 64 s. 
4.910.. ._.c'alm. 
6,740 ..... E. 
8.nn _..__ w.ms. 
in  m.... w. 2s FI. 
lli470 .... W. lhx. 
12. wo.... w. 
16:m.. ..E. w s. 15 000.... W. 40 S. 

0 .......... NE. 
500 ........ N.57E. 
1,OW _ _ _ _ _ _  N. 71 E. 
1, m... ... S. 6 E. 
2 , m . .  .... s. MI E. 
2.W ...... S.66,. 
3,000 ...... 9.77 E. 

0 .......... SSE. 
500 ........ S.42E. 
1000 . _____  8.36 E. 

2,wO.. .... N. 46 E. 
2,500 ...... N.65E. 

l:.m ...... S. 76 E. 

Mcter8. 
I... . .  . m.... 
1,wO.. 
1,.m.. 
2.wO.. 
2,500.. 
3.w.. 

9. Ort. n. 1810.15.3° 10. DBc 1 1910 31' 
8. ' I h e E :  8. 91.10 w. 

Mffcr.9. 0 

0 .......... ESE. 
1.ooO ...... N.25E. 
2,ooO .._.__ N. %E. 
3.000 .._.__ N.74E. 
4,ooO ...... N.% E. 
5,000 ...... S.Ir5E. 
6.000 ...... 8.63 w. 
7,000 ...... s. 57 w. 
9000 ...... w. 
lh,ooO ..___ N. 68 W. 
11,000 ..... 5. 72 W. 
12,000 ..... s. so w. 

~ X N O V .  16, igin. 25.30 1 4 . ~ 0 v . n  1910 25.8 
8. 1 5 S . l ~ W .  5. $ l o w .  

~WtttrrS. 0 

0 .......... ESE. 
1, lhJLl...._. S.Ij.sE. 
2,IXxI ...... 8. 
3,ooo ...... w. 
4,000.. .. ..Calm. 
5.000 ...... w. 
6,Oa) -..__. N. 66 w 
7.w.. ... .s. 3s w 
R,WU ...... 9. 
8,500 ...... 5.13 E. 

. Jan. 5. 1910. ?.lo 
8. 29.6' W. 

8. Jan. 6 1W. so 
21' 8. 4426' w. 

-. 

8SE. 
77 E. 
75 E. 
7ti E. z; E. 
I J  E. 
75 E. 

D;;m2:! I F 7 &  g; w. Or. 
Yean rurve oI the 

Eights Der. 6-10. 

Dee.6 1908. 15'11' 
N., b 58' W. Or. 

Der 7 1900. 15.41' 
N:, 'sso 57'W. Gr. 

Meters. 0 

0 .......... ESE. 
500 ........ S.52E. 
1,wO .__.__ 9. 61 E. 
1500 ...... 8.70 E. 
i o00  ...... S . I E .  
2,500 ...... N.75E. 
3w0 ...... N.7OE. 
3'500. - .. -. N. 56 E. 
d000 ____.. N.65E. 
4 500 ...... 6. 70 E. dam.. ... .S. SO E. 

M t l m .  0 

I450 .___.. E.25N. 
?:610.. ... .E. 30 N. 
4 9 2 0  ...... E.13N. 
5:SlO.. _._. E.& N. 
6 0 9 0  ...... E.42N. 

7,mO ...... E.35N. 
8120 ...... E.459. 

11'310.. _ _ _  W. 25 8. 

i670 ...... E. 7 8. 

1i)m ..... W . 7 R .  

12:470.. .. .W. 29 8. 
14,210.. ... W. 21 8. 

. o  .... SE. .... 8. 42 E. 

...A M E .  .. ..N. 35 E. 

.... s .25E.  ... .S.3.!3 E. .... S.30E. 

Meters. 0 

1160 ...... E 3 9 N .  
2'610. ..... E. 82 N. 
4'oBo ._.__. E. 
5'510. ____.E 7 S. 
6 'W. _ _  _ _  .W 78 N. 
8:rio.. __. .w: 4n N. 
8 W . . - . .  W 158. 
9:570. .... :W: 20 N. 
10,150. ... .w. 7 s. 
11 310.. ... w. 13 8. 
12:760. .... W. 27 S. 
13,630. ... .W. 68 S. 

5. hfm.6. 19ll7.1'S. 6.J~.4,1910.5.2eS. 
32" w. 300 w. 

Der 10 1909 W45' 
N: do 21; W. Or. 

Metrr8. 
0 .  ......... 
500 ........ s. 
1,an.. ... .s. 
I , r n - . .  ...a 
2,m ...... 8. 
2. m... . ..8. 
3. UOO... .. .s. 

Ndera. 0 

0. ....... ..SSE. 
500 _ _ _ _ _ _ _ _  S.&?E. 
1.000 _ _ _ _ _ _  S. 76 E. 
1,.500 ...... 8.55 E. 
2000 ...... E. 
2:500.. ... .N. R9 E. 
3,IW _ _ _ _ _ _  N. 75 E. 
3,500 ...... N. WE.  
4.000 ...... N.65E. 

Dec 21 1909 Noon 
17' 56' N.'75* 58 
W. Or. 

Wdtrr. 0 .......... E. 
00 ........ N. 73 E. 
,wO _._.__ N.4ZE. 
,500 _._.__ N. 17 E. 
1wO.. .... N. 47 E. 
500 N.35E. 

(000:::::;N. 35 E. 
:5M)  ___.__ N.35E. 
(000 _ _ _ _ _ _  N.35E. 

bftttra. = 
0 .......... SSE. 
580 loo0 ...... _.._.. ..S.85 N.Lit,E. E. 
1'500.. ... .S. 15 W. 
io00 _____. N. 80 W. 
3,500 ..__.. s.53w. 
3.000 _ _ _ _ _ _  N. 70 W. 
4WI _ _ _ _ _ _  N. l i 2 l V .  
$000 . _____  N. 54 W. 

Metrrs. 
2WO ...... E.5N.  
3:760. ..... E. 25 N. 
7,020 _____. E.558. 
8.580. ..... V arishlr. 
10.470.. ... w. 30 x. 
11 1%). ... .w. 24 N. 
13'960.. .. .W. 15 8. 
l4:570.. ...V xri:.bln. 
15 im.. .. .w. i n  s. 15:m., ... w. 60 s. 

Meters. 
lorn ...... E. 
2'130.. .... E. 30 N. 
?:650 ._._.. E.S%N. 
3 400 ...... W. 30 8. 
5'410.. ... .w. n s 
6'410. .... .W. 22 N 
7:180.. .... W. 4 8. 
8.5% ...... w. 11 N 
98H) ...... W.238 
lb 010.. ... w. 20 8 
11;440.. _.. w. 25 s 
11,970.. .. .w. 1s s 

Mrtrra.  
1,005 _.._. R. 22 3.. 
2,855 __._. E.31 N. 
4.355.. ... E. 0 X. 
5.7 Pj..... E. 
7.115.. ...E. 15 y. 
s.340.. .. .w. n h;. 
lo.''.%. .. .w. 3. N. 
1 1 ~ . . 1 . . . . w . 1 5 s .  
13: S O . . . .  W.23S. 
14.100.. ..W. 45 % 

l.Ort.30,1910. 3Lr0 12. Nov. 3 1910. No 
S. 1&.4°P. I 8. 114.10 w. 

Mcten. 
) .......... ENE. 
1.ooO _.._.. N. 82 E. 
'000 __.___ S.70E. 
roo0 _._.__ S. 2S E. 
1:wO.. ... .S. 15 E. 
ju00 _.___. N. tW W. 
iUu0 _ _ _ _ _ _  N. 75 W. 
7,m ...... w. 
B,wO _.____ N. .4t, W. 

Metcn. Q 

0 .......... SSE. 
500 ........ S.%E. 
IO00 ._.__. %&?E. 1;<w. .... .8. M E. 
2,um ..____ E. 
2,m ._____ s. 
3,an. ____ .  s. 35 w. 
4,an. . ____  N. 85 w. 
4,500 ...... w. 
5,000 .__._. s . 7 5 w .  
6000 ...... S.25W. 
fall. ..... N. 40 W. 
8000 ..___. N.40W. 
9:ouO. ..... N. 30 W. 

3,ouO. .... .6 15 W. 

Mt'iFr8. 
0 .......... SW. 

1500 _ _ _ _ _ _  N.R2W. 
i o o U  2'500.. _____. ... .N. N. 49 ti5 W. W. 
$OW ...... N . U W .  

Frllu 1, lnLl...... ........ 8 . U  8. a2 w. w. 
As is seen, the trade wind blows from the east up to 

the height of about 7,000 meters. Moreover the velocity 
of the wind was rather high, 9 m/s, up to 3,000 meters, 
but light and variable between 3,000 and 7,000 metem. 
Above began the counter-trade wind from the west, 
which above 10,000 meters shifted gradually to south- 
west. 

I n  order to verify theae results Jonas was sent in the 
following year t o  make " check" observations with pilot 
balloons. He arrived with the F r q a  of the German 
navy at  Curaqao (Dec. l),  where he remained until the 
Sth, then ursuecl his observation at  Port of Spin 
(Trinidad) from the 11th to lSth, and on the open sea 
around Trinidad from the 19th to the 23d. 

The rewltis [obtained] by Hergesell were fully verified. 
ITp to 4,000 meters tho wind from the region of 
east south-east remained constant and rather strong. 
From 4,000 to S,OOO meters the winds were light nncl 
variable and above that they moved from northwest or 
southwest. 

Hence the results derived from the cloud observations 
cited above are entirely in agreement with those found 
by Hergevell and Jonas. 

3. Southern Hemisphere. 
The officers of several merchant steamers of the 

It3 velocity was on an average 2 n i b  

during 16 flights at. a rather great height south o 
latitude 7' N. 

15. Nov.ZO,1910.28.2" 16.0rt 25 1910 17" 
S. 170.6° W. 8. .98: 20 w. 

M r t m .  e 
0 .......... SE. 
l,Oa, _..___ S. 50E. 
1,W ___ .__  N. 42 E. 
2,ooO.. ... .N. 12 E. 
3,W. ..... N. %l W. 
4 .W _ _ _ _ _ _  N. 54 W. 
5 , m  ...... N . W  w. 
6,all . .  ... .N. IS E. 
7.W ..___. E. 
8,ooO ...... E. 

Mdtrs. 
0 _ _ _ _ _ _ _ _ _ . E .  
1 OOU ._..__ S. S7 E. 
1:500. .... .N. i 2  E. 
am ...... 8. 

5m ...... s. 50 w. 4:000. - -. -3.. 45 w. 
.+oo.. ... .s. 50 w. 

Meters. 0 

0 luU0 .......... ._____ S.6OE. ESE. 

i o o U  _____. S.5OE. 
3:w.. ... .s. 38 E. 
4,m ...... 8.38 E. 
5.m..  ... .s. 48 E. 
8.m _ _ _ _ _ _  8.26 E. 
7,000 _ _ _ _ _ _  9.23 E. 
So00 __.___ % W E .  
S:500 ___.._ 8.2UE. 

4. BataiGa. and Samoa. 
Some observations have been made by means of sound- 

ing or pilot balloons a t  Batavia, 6" south latitude, and at 
Samoa, 14' south latitude. 

The observations a t  Batavia from September 16. 1911, 
to July 5, 1912, are published in the Publications of the 
Commission on Scientific Aeronautics, 191 1-12. 

The station is in the northwest monsoon s .stem and 

the monsoons are limited to a relatively low layer of the 
atnios here. Also i t  is seen from Table VI11 [omitted] 
that agove 100-500 meters there prevail winds from the 
past, as would be presupposed, Batavia being in the 
 quat to rial zone. However, on May 3 a southwest wind 
prevailed as far as 4,000 meters, where the observations 
ended. 3 n  April 11 there were observed variable winds 

that of the southeast trade wind, but, as we il ave seen, 
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January .............. N. 48O W. 
February ............. N. 43O W. 
March ............... N. 2 9 O  W. 
April ................. N. 3l0 E. 
May ................. N. 50° E. 
June ................. N. 56O E. 

July .................. N. 5 3 O  E. 
August ................ N. 46O E. 
September.. ......... N. 3.1' E. 
October ............... N .  3 3 O  E. 
November ............ N. lo W. 
December ............ N. 54 W. 

often a very decided west component. These are observa- 
tions from that p€ace: 

Stasom of the Southern Hemisphere. 

0 I Summer.. 2 ......................... 
Winter ............................ I :I : I  :I 1 1  :I 0 

The ohservatioiis made hy the use of kites 
balloons rarely estend beyond 3,000 meters. 
here some examples. 

Metera. 

.. .. 

and pilot 
We give 

Nay 2!i,I!XM. 

bfcrrm. 
0 .E. 

500 .E. 
1000.E. 
I:l70 .E. 
C i 5 ~  .....w NW. 

We see t1ia.t the wind system of Samoa is not one repre- 
sentative of the a.ir currents of the Tropics. The winds 
a.re very changeable from day to day in every month and 
at  every elevation. This depends on the situation of this 
islnnd hetween t h e e  wind systems-the southeast trade 
wind, the tropical calm belt, and the monsoons of Austra- 
lia, New Guinea, and the rather la.rge islands to the west. 
Because of t.his the gradients in tem erature and pressure 

a wind from the west instead of the east 111 the upper 
regions. It [io not our u ose] to discuss here in detail 

movements of the atmosphere. 
5.  8iinultan.tous obstrvataons in Greenland a.nd Tcckind. 
We have seen that the course of the cirrus clouds in 

Greenland and Iceland is on the average from the east 
instead of from the west as would be expected. Some 
experiments made by Her esell with sounding balloons 

tions. In order to study this anomaly more closely, 
De Quervain of Zurich and Thorkelsen of the Danish 
Meteorological Institute made simultaneous observations ; 
De Quervain on the west coast of Greenland, between 
64" 11' and 68" 51' north latitude, and Thorkelsen a t  
Akureyri on the northern coast of Iceland, from the close 
of April to the beginning of July in 1909. These most 
complete observatlons are found in Table I X  (Godthaab 
64" 11' N., Agto 67" 56' N., Godhavn 68" 51' N.). 

of the air are very irregular, where P ore there; often arises 

t,hese local anomalies, w \T ic do not influence the general 

on the sea in these regions fl ave confirmed these observa- 
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TABLE IS. 

-1rttrrs. 
O- in0 _.__.. N. 300 E. 8. ww. N. E. 

5- 1,000 _.._._ ;I. ma E. N. 2io\V. N. 21* E. 
1 (WW 1 nu0 ...... N. So E. N. 16' E. W. 34' E. S. 
Q'iw ?:5W ___.._ E. XIo N. N. 33O E. N. 44O E. S. 
?mu1-3,5W ___.._ 8.  3R" K. N. ]tio E. N.29" E. S. 
J : ~ H I -  4 , X O  __..__ E. 1 5 O  S. N. 1.5' E. E. S. 
j 5 JIM ...... E. 3 i o  8. ........... E. 1SO s. 8. 

iE. 2 1 ) ~  S. ........... IC. 42' S. S. ......... e. 45" S. s. ........... s. 25" E. ... ........... E. :ID' N. ... 

Ij:W A:.40(1 ...... E. 26' 8. ........... I< .  s i"  8. 8. 

...... ........... ......... 
I .. . . . .  .. 

3no s.1 s. 
K. 8. 
30' is. M. 
540 E. s. 
180 Id. H. 

k:. s. 
.I IC. 8. 

13'W. S. 

.I w. s. 
........ 8. 
........ s. 

?I".\., rs. 

............... ........I.... ...... .I::::::::::: 

Jfrlrrs. I . ~. 
0- la, ....... ....... 

.... ..... ..... 
..... 

7 OLn-i.5 on... .... 
9 , w . 5 u o  ....... s:l3l04.5rm ....... 

It is seen that st Bkiireyri winds from t'he cast oftm 
prevail in t>he lower st.rata, but that there are super- 

osed winds from west to northwest in the upper strata. 
$his is the usual system of winds to the north of ;I 
minimum [of pressur.e] and which is orilinnrily ope11 
above. The great minima thus pass generally to the 
south and east of Iceland. 

Over the waters of Baffin Bay almost a l ~ a y s  ope11 
and bounded on the east by Greenland always covered 
with ice and on the west by Ellesniere Land also wry  
frigid there exists alniost constantly an alnioat sha- 
tiionary depression c.haiiging more or less in dcpth. 
Over Greenland there estencls, on the other hnntl,  a 
tongue of high pressure from the Arctic 0cea.n. But, 
as we Iinve seen above, a depression having a high pres- 
sure area to the north is closed even a.hore. This es- 
plains how the winds are predoniinnntly froin the east 
a t  all elevations, with few esceptions, in Mn.y and June. 

We have seen [Table I omitted] that in Ellesmere 
Land, situated to the nort.liwest of Bnffin Bay, the pre- 
vailing winds are froni the north from the round n.s far 

are winds from the south prevalent. Hence Ellesniere 
Land is situated in the rear ortion of the constant cle- 
pression over Buffin Bay. t h i s  depression resembles 
the continuous whirls which form in an inlet cut in the 
bank of a river. Here the river is the great current 
from the west prevailing over all of the temperate zonu 
and which we have found in the high regions, even in the 

olar regions, Jan Mayeii, Kiruna, Spitzbergen, Franz 
losef Land, etc. 

IV. 

as into the region of the cirrus clouds. On f J- in sumnier 

CONFIRMATION OF T H E  PRECEDING FINDINGS BT VOLCANIC. 
PHENOMENA. 

On the 29th aiid 30th of March, 1875, a very liet~vy 
rain of ashes fell in Scandinavia. The ashes c.anir froni 
the volcano Askja, situated in the eastern part of Ice- 

1 Only oncc, May 5, a depression passed from Banin Bay t o  thc e& over c.;rwmloiid. 

Land (65O 2' N. lat., 16' 40' W. long.), whose height is 
about 1,000 metors. There was a very violent eruption 
oil the morning of March 29. The ashes fell a t  7 a. m. on 
t.lie ens tern coast of Icdand between Seidisfjord on the 
north ani1 Berufjoril on the south. At S p. m. they fell 
on tlic western coast, of Norway lxtween Broiio on the 
north niicl BnmnangcAr nca.r Brrgen on the south. Con- 
sequently they l i d  crossed the SCR with a vclocity of 
S3.S m/s. At Stockholm the ashes bcgnn to fall a t  11 
it. in. of thn following !I;Lv. On the const, 0.f the Bdtic 
sen tliry fell he tween Sol'leftrii on the north  ant^ Siider- 
tclje ( t i 1  the south. C!onserluently while crossing Swcvlen 
thc wind hail a velociliy of 14.1 m/s. On the other coast 
of tlie 13nl tic Sea therc were no ohsorvutions of ashes. 

At this time the ashes were carried by thc winds of the 
lower or middle strstn of tlic ittnios here. By the 
eruption of the volcano Ihtinai in  the Aleutian Islancls 
on Juiic 6-S, 191'3, the volciinic products were, on the 
coiitr:try, thrown in tn  the highest regions of the at.mo- 
sphere. The finest (lust reninined there for two to three 
months after having been carried very ra )icily in turn 

form of a, fan as far to the east 8s Siberia.. A i  summer 
the sky liad a grayish cnlor, through this veil tlie sun 
appeared like a dirk of polished copper. This phe- 
nomenon was obaerved toward the south as far as 
Bassour in soutlierii Algeria, where It seriously interfered 
with tlie work of xi1 actinonietrk expedition of the 
astrophysical observntory of the Smithsonian Institute, 
under the direction of Dr. C'. G. &bot, and A. hgstri jm, 
of the University of .Upsaln. In September, when the 
phenomenon had almost disappeared in Europe, there 
were observed. acwriling to a letter from Nakamura, 
in Japan, red twilights like those observed after the cele- 
brated eruption of Hrskntoa. 

This crupt,ion of Krakatoa on August 33, 1SS3, is thc 
most terriblc in 1iist.oric times. The volcano is situated 
on an island in t,lw st,rzi.it between Sumatra a.nd Jam,  near 
the cquat,or. At 10 :L. 111. terrific esplosion hurled a 
great part of tlir isl:i.nil into t.he air t,o n height probably 
greater t.linn that of the at.iiiosphert!. An enornious mass 
of tlic fiiirst dust, rciiininetl suspcnded in tlic hi hest 

several mnnblis. These rccl twilig1it.s made the circle of 
the earth between the Tropics in 12 days, that is with a 
velocity of 34.5 m/s .  This is thc first time that constant 
equatorid wind froin t,he east around the world mas proven. 

Along the meridians this phenomenon traveled, on the 
contrwy, very slowly. It arrived at  North Cape and at, 
southern Greenland only toward the end-of November and 
at BuenosBires and Valparaiso at  the bepn ing  of October. 

These esaiiiples, which could be supplemented, prove 
the esistence of a current from west to east in the teni- 
pera.te zone and one from east to west a t  the Equator. 

GENERAL CONCLUSIONS.* 

Froin what precedes tshere must necessarily be drawn 
tlie following conchsions, founcl without, any precon- 
cei-ced theory, and directly froin observations made by 
different iiiet,hods: 

1. About the thermal e uator there is a great current 
from east to west. At %e surface of the eart,li it, is 
generally light (ec~uatorinl calms), but very constant and 
s t row in tlie upper strat,n of the atmosphere (34 ni/sj. 

2 .  711 the temperate zones there prevail currents from 
west to east. 

over North -4rnerica, the Atlantic., aiid I! 4 uro e in the 

regions! rtncl caused rccl tm-ilights, which continuec PI for 

- . 

*Ther@ is r Review hy J. S. IXnw iu Nature, (Londonj Jan. 2, 1919, pp. 348-349, and 
Sei. Am. Suppl., Apr. 4, 1'510, 11. 217. 
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3. In the u ,par re ions t,licse currenDs are deviated t.o 
the right in t # l 7  e Nort iern Hemisphere antl to tlie left in 
the Sou thern Hemisphere. Thus the eqiia torial curron t 
from t,he east becomes a current successively from south- 
east,, south, soutliwest, and west, tlie counter-tracle of t,lie 
Northern Hemisphere, and successively a currcii t from 
nor tlicns t , north, nortliwes t, and wcs t, the coun tcr- t.rm I(> 
of the Sou tliimi 13emisplicre. These upper curren t.s foe( I 
the tropical high prcssurc rtigions from tlic q u i ~ t o r i d  sick. 
In the sanic manner thc westerly c.urrcnl,e of t.ho tmilwr- 
ate zones l~wni i e  nhnvo nortliwrst antl sou t>lnws t), w- 
spectively, and feed the tropicd nin.sinin from t.lic polar 
sides. 

4. From these iiiaxinia t,horc blow in the l u w r  strata 
the t,ra.rle wincls from nort>lioast aricl sou t>henst toward the 
equat.or, froiii diroctions opposit.'? to tho snutsliwost to west. 
winds in the Northern Hcniis dicrt. antl tlie northwest to 
west winds of the Sou t.licwi deniisphcre. 

5. From tells polar rcgioiis ohservatic-ins ilrc still not 
wry numerous; froni tliose c i t d  R ~ O W  i t  is secq how- 
ever, that winds from t,hc cast arc! frequcwt, a t  bhr siirfwc 
of tho sarth above latitutle 60" to 70°, but thnt wiiernUF 
winds from nrirtliwest tosouthwest blow above in t% upper 
strata. This is probably explained by the frequent pas- 
sage of bnroniet.ric depressions which are not dosed above 
on their olar sides. If, however, there esist.s a masi- 

Over Baffin Bay, whose wat,ers me more or less open ancl 
surrouncled by very cold count,ries, there exists, especiallv 
in winter, an dinost stationary cleprcssion with winds 
from sou t,hcast, t.0 east in Greenland and from t,he nort,li in 
Ellesniere Land. 

6. The greater the elemtion, the more constant from 
the west are the winds of the t.eniper.zte zo~ics, from 
which i t  is to be concluded that cyclones and anticyclones 
are phenomena that origimte in the lower strata of the 
ntnios here. 

7. 8once a dircct upper current froni the ~ c u a t ~ o r  to 
the poles does not exist, niir w. lower c.urre,nt in t. II ic oppo- 
&e clirect.ion from the poles to the Equator. 
S. However, there is t i  slow escliange of nir n l o n ~  tlie 

niericlians, causec~ by continuous cyclonic anit anticy Jionic 
whirls in tlie temperate .zones. 1ndcc.d each of these 
whirls cmries air on t,he one side from south to north and 
on the other from north to south. Bcsitlrs, ns the air has 
nn ascending movement in the cyclones mid a clescetdii?g 
one in the miticyclones, i t  is seen that the niasses of air 
from different latitudes bocome gradually misoil. 

muni to t Yl e north, winds from tho cast blow abovc also. 
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CiENEK.4L CIRCULATION OF T H E  ATMOSPHERE. 

By L. GANGOITI, 8. J .  
Transhtion mid ol,strct of S follii pages fmm thc rc'pnrt of l S l i  of thc Mctcornlosird 

Ohsrr\-story of Ilrlcn College. H:ihbsno. 

The author discusses the theory of the t,racles n.nd anti- 
t.rndes nnd presents data, principally observations of bhe 
direction ancl movement of high clouds to refute the 
esistence of  the anti-trades ns set out by Dove and other 
modern writers. 

He refers t>o observations macle nt Quito, lntitude 
0' 1.7' siint.h, in June, I S77, of volcanic sniokc. which rnse 
to an alt.iturle of 8,000 or 9,000 iiieters and \\-as than 
cnrried in a wwterly clirection by an east.er.1)- current. 
Ailso lie dis(wst?s 12 observations of the iiiownient, of 
sriiokc from Coto msi iiiacle in Ecuador in the ininicditite 
\-ic:init.y of t h  dquat,or in 1907 and l!)US, w1iic.h show 
tlirect,ions as follows: Northwest 1 ,  west or southwest 3, 
east 4, niitl sout>heast 4. 

Volcanic aslies from the eruption of Coseguina (Nic- 
aragua) in 1S35 fell in Mesico to the iiol.t,liwcst,ward? in 
Uogots to the sout.heastrwnrd, and in Jamaica to the 
nort.liea.st;wnrcl, froni which lie drnws the conciluaion that 
tlicro must. have been high currents from different ilirsc- 
tions, i. e., that thc soutliwesb anti-trades were not continu- 
ous. Observations of smoke from Coliiiia, latit,ude 19' 30' 
25"N., akitude 3960.9 meters, tlurinm 13 nionths scattered 
throu h n eriod of three yews, syiow that duriii the 
periocf Apr$ to September the niost frer uent. yuac 5 rant 
is the northwest: during November, s eceniher, mid 
January. the southeast : in February, bhe southeast antl 
southw-est ecluallv: while in March it is tlie southwest, 
tho latter being the only month bliat shows n prevalence 
of the 1iic.h currents having a tlirec.t,ion the sanie as that! 
attribute8 to the anti-trades. 

Cirrus cloud observations niacle in Ecuador during 3.U 
niont~hs in 1907, 1908, lWJ9, and 1910 show that, by far 
t.he most frequent direction is t,he nort,liea.;t (39 montlis) , 
and nest the nort,hwest (7 months), while in two ot,her 
nionths the nuniber of observations of northeast and 
northwest currents was equal. 

Cloucl observations nt Port of Spain, Trinidad, latitude 
10" 35' N., show that t.lie cirrus move froiii the west from 


